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Description 
TECHNICAL FIELD 

5 This invention relates to water dispersible polyamine-epoxy adducts which can be used as a curative for both liquid 
and solid epoxy resin systems. 

BACKGROUND OF THE INVENTION 

10 Coatings based on a combination of epoxy resins and amine hardeners (curing agents) which react to form a 
crosslinked film have enjoyed widespread use for decades. Because of the combination of properties achievable they 
have developed strong market positions in those applications where a high degree of resistance to water, chemical 
reagents, or corrosive environments is required. 

A good introduction to the general chemistry of epoxy resins is available in H. Lee and K. Neville, 'Handbook of 

is Epoxy Resins" (1967, McGraw -Hill Inc.). Commercially available epoxy resins useful in coatings are frequently referred 
to as either liquid resin or solid resin. The commercially important solid epoxy resins have an epoxy equivalent weight 
(EEW) greater than about 450. Although much higher EEW epoxy resins are available, the resins employed in amine 
cured coatings generally have an EEW less than about 1 000. At higher equivalent weights the resulting crosslink density 
is too low to give the desired properties. Commercially important liquid epoxy resins have an EEW of less than about 

20 250, and more frequently less than about 200. Though much slower to dry than solid epoxies, they result in films with 
very high crosslink densities, and find utility where very chemically resistant coatings are required. Of course, they also 
require less solvent for application than traditional solvent borne formulations. There is also a class of epoxy resins 
sometimes referred to as semi-solid resins, with EEWs intermediate between liquid and solid. It should be realized that 
a reference to liquid' or 'solid' resin may reler not to the actual physical state of the resin, but to the resin's EEW range, 

25 and perhaps to the properties that may be anticipated with its use. Thus, an aqueous dispersion of an epoxy resin with 
an EEW of 500 may be referred to as a solid resin dispersion, even though it is in a liquid form. 

Concerns over environmental pollution and the health risks associated with chemical exposure have resulted in an 
intense effort by coatings manufacturers and raw material suppliers to develop products that have lower volatile organic 
content (VOC). Solvents are required in coatings to, among other things, allow the inherently viscous materials which 

30 comprise the coating formulation to be applied in a manner that results in a continuous thin film that will harden or cure 
with the required appearance and physical properties. No single approach to reducing the solvent content in two com- 
ponent epoxy coatings has been found which results in a product with the high degree of performance in different appli- 
cations that typify the traditional, high VOC products. 

One method of lowering VOC is to replace some of the solvent with water. This approach has not been without 

35 drawbacks. They include an increased sensitivity of water-borne epoxies to water and corrosive environments, and 
relatively short pot lives. 

ft will also be appreciated by those skilled in the art that replacing a substantial amount of solvent with water does 
not result in a true solution of the film forming components of an epoxy coating. To prevent phase separation and maintain 
a dispersed state of colloidal dimensions, ft is necessary to impart an energy barrier to the agglomeration of the colloidal 

ao particles. There are two generally recognized means to accomplish this. The first is to surround the particles with elec- 
trically charged species of like sign. In water-borne epoxy coatings it is possible to incorporate charged species with the 
use of ionic surfactants, but more commonly this is accomplished by adding a compound of sufficient acidity to react 
with the amine to form a substantial equilibrium concentration of alkyi ammonium ion. Acids such as acetic acid and the 
like are frequently employed. Such an approach is employed in US 4,246,148; US 4,539,347; US 4,608,405 and US 

45 5,246,984. Adding acids such as acetic acid or increasing their use level in some cases can also enhance the pot life 
of a water-borne epoxy, probably either by slowing the overall rate of the amine/epoxy reaction, or by imparting additional 
colloidal stability. In some cases, the ammonium containing curing agent is combined with already emulsified epoxy 
resins such as those described below, or in some cases the ammonium containing curing agent is used to directly 
emulsifythe epoxy resin. Unfortunately, water-borne epoxy coatings made by this approach do not have the same degree 

so of water and corrosion resistance of traditional epoxy coatings. Also, systems that rely on the ammonium containing 
curing agent as the primary emulsrfier of the epoxy resin tend to suffer from quite short pot lives. 

The other general method of imparting colloidal stability in an aqueous environment is to surround the particles with 
polymeric chains, such as polyethylene oxide chains, which have a high degree of water solubility. One way of practicing 
this method of stabilization is to add a conventional nonionic surfactant to the epoxy resin. There are commercially 

55 available products that consist of a pre-emulsif ied combination of low molecular weight (liquid) epoxy resin and nonionic 
surfactant, or a similar combination which is emulsified by the resin user. Sometimes, special block copolymer surfactants 
are employed that are designed to have one block highly compatible with the epoxy resin employed, such as described 
in US 4,446,256. 
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A different method for nonionic stabilization can be employed as disclosed in US 4,31 5,044 and US 4,608,406. The 
diglycidyl ether of a poly(aikylene oxide) did is incorporated in the epoxy resin advancement of a cfiphenol and a di- or 
polyglycidyl ether. In this way, water soluble chains become chemically attached to the advanced, solid epoxy resin, 
which is then converted into an aqueous dispersion by the addition of water and co-solvents and the application of shear. 

Also known in the art and most relevant are water-borne poly(alkylene oxide) epoxy hardeners with chemically 
attached nonionic emulsifying chains. A hardening agent for an aqueous epoxy resin composition comprising a reaction 
product of (a) at least one poiyepoxide conpound, (b) at least one polyalkylene polyether polyol and (c) at least one 
compound selected from the group consisting of aliphatic, cydoaliphatic, and heterocyclic polyamines is described in 
US 4,197,389. Formulations based on this system have lower water and corrosion resistance than traditional solvent 
borne epoxy formulations. They differ from compositions of the current invention in that they employ polyether polyote, 
whereas the current invention employs a mono OH functional polyether. 

A curing agent for epoxy resins showing good water compatibility is described in DE 4,206,392. It consists of (A) 
polyamkJoamines obtained by poly condensation of (a) dicarboxytic acids that contain oxyalkylene groups or their deriv- 
atives with (b) polyamines that contain at least two amino groups condensable with (a) , (B) polyamines with at least two 
secondary amino groups and (C) adducts from (c) poiyepoxide compounds and (d) polyalkylene polyether polyote. 

A water-borne polyamide curing agent which is made by reacting a polycarboxylic acid with polyamines is described 
in DE 2,519.390. At least 10 moie% of the polyamines are poly(alkylene oxide) amines. 

Water-borne epoxy curing agents which are essentially adducts of diglycidyl ethers of polyethers with polyamines 
are described in QB 1 .326,435. Exemplary amines are the polyethylene amines. 

US 5,032,629 describes a hardening agent for epoxy resins which is prepared in two steps. In the first step at least 
one member of the group consisting of polyalkylene polyether monoamines and diamines and polyamines with a mean 
molecular weight of 1 48 to 5000 is reacted with at least one member of the group consisting of diepaxy compounds and 
poly epoxy compounds in a ratio of hydrogen atoms bound to nitrogen and capable of reaction with epoxide to epoxides 
of di- or pdyepoxy compounds of 1:1.4 to 6. In the second step, at least one member of the group consisting of primary 
and secondary aliphatic araliphatic, cydoaliphatic, aromatic, and heterocyclic mono-, di- and polyamines is reacted with 
the product of the first step at a ratio of reactive epoxide groups to hydrogen atoms on nitrogen of 1 2 to 10. 

Also known in the art and most relevant are water-borne po!y(alkyiene oxide) epoxy hardeners with chemically 
attached nonionic emulsifying chains. A hardening agent for an aqueous epoxy resin composition comprising a reaction 
product of (a) at least one poryepcodde compound, (b) at least one polyalkylene polyether polyol and (c) at least one 
compound selected from the group consisting of aliphatic, cydoaliphatic, and heterocyclic polyamines is described in 
US 4,197,389. Formulations based on this system have lower water and corrosion resistance than traditional solvent 
borne epoxy formulations. They differ from compositions of the current invention in that they employ polyether polyote, 
whereas the current invention employs a mono OH functional polyether. 

A curing agent for epoxy resins showing good water compatfoilrty is described in DE 4,206,392. It consists of (A) 
polyamidoamines obtained by poly condensation of (a) dicarboxylic acids that contain oxyalkylene groups or their deriv- 
atives with (b) polyamines that contain at least two amino groups condensable with (a), (B) polyamines with at least two 
secondary amino groups and (C) adducts from (c) poiyepoxide compounds and (d) polyalkylene polyether polyote. 

SUMMARY OF THE INVENTION 

The present invention provides water compatible poly(alkytene coodeJaJcohoJ-epoxy-amine adducts and curable 
coating compositions comprising a blend of such poly(alkytene oxide)alcohol-epoxy-arrane adduct and a poiyepoxide. 

The pdy(alkylene oxidejalcohol-epoxy-amine adduct comprises the reaction product of (A) a poly(alkylene oxide) 
monoalcohol (mono -OH functional polyether) having a number average molecular weight (Mn) of 500 to 3000 and (B) 
a poiyepoxide in a molar ratio of poiyepoxide to pdy(alkylene oxide) of about 1 .3:1 to 6:1 to yield an intermediate (C) 
which is reacted with (D) a polyamine. The amount of the pofy(alkylene oxide) monoalcohol used to produce intermediate 
(C) should be sufficient to provide a stable solution or emulsion of the epoxy hardener composition in an aqueous medium, 
i.e., in water or a water-cosorvent mixture. 

This resulting poly(alkylene oxkJe)alcohd-epcxy-amine adduct reaction product is readily dispersiWe in the aqueous 
media and is capable of dispersing liquid and solid poiyepoxide resins in such aqueous media. Thus, another embodiment 
of the present invention is a curable coating composition comprising the poly(alkylene oxide)alcohol-epoxy-amine adduct 
and a poiyepoxide. 

The compositions of this process are similar to those of US 4,197,389 except that the present process employs 
mono-hydroxy functional polyethers whereas US 389 uses polyether polyote. The present compositions afford coatings 
with generally good coating properties including high volume solids at application viscosity and long pot life. 

The poly(alkylene oxkfe)alcohol-epoxy-amine adducts are excellent emulsrfiers of liquid poiyepoxide resins in aque- 
ous media without the addition of added surfactants or acidic compounds and can be used to prepare water resistant 
water-borne coatings and related products from both liquid and solid poiyepoxide resins that possess long pot lives and 
contain relatively small amounts of VOC. 
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DETAILED DESCRIPTION OF THE INVENTION 

According to the invention the poly(alkylene oxide}alcohd-epoxy-amine adduct comprises the reaction product of 
(A) a poly(alkylene oxide) monoalcohol (mono-ol) having a number average molecular weight (Mn) of 500 to 3000 and 

5 (B) a polyepoxide in a molar ratio of polyepoxide to poly(alkyiene oxide) monoalcohol of about 1 .3:1 to 6:1 to yield an 
intermediate (C). The amount of pdy(alkylene oxide) monoalcohol used in producing intermediate (C) is that amount 
sufficient to afford stable solutions or emulsions of the final curing agent in an aqueous medium, and to afford an emulsion 
of the curing agent and epoxy resin in an aqueous medium with sufficient stability to be a useful coating vehicle, e.g., 
15 to 40 wt%, preferably 18 to 30 wt%, of the final hardener composition solids. In a second step intermediate (C) is 

io reacted with (D) a polyamine in an amount that ensures the requisite amount of poty(alkylene oxide) monoalcohol in the 
final composition. 

The poly(alkylene oxide) alcohols used in the first step comprise poly(alkylene oxide) chains that are terminated on 
one end with a hydroxy! functionality, La, an OH group, and at the other end an inert chemical group such as an alkyl 
group. The terminal alkyl group can contain from about one to about eight carbon atoms, with one to three carbon atoms 

is preferred. If the terminal alkyl &oup is too large, the alkyl chains will be highly insoluble in an aqueous medium and will 
have a tendency to associate, which will in turn result in an increase in the viscosity of the system. Commercially, such 
poly ethers can be prepared by the reaction of an alkyl ene oxide or mixture of alkyl ene oxides with the corresponding 
alcohol containing one to eight carbons. The poty(alkylene oxide) can be derived from ethylene oxide, propylene oxide, 
or butyl ene oxide, or mixtures of the above either in random or block copolymer forms. However, it is necessary that the 

20 poty(alkylene oxide) chains, or at least suitably long sections of these chains to act as stertc stabilizers, be soluble in 
the continuous phase medium of the final coating formulation. Thus, as the VOC of the final formulation is reduced by 
elimination of cosotvent, it will be necessary to raise the level of ethylene oxide in the copolymer, since it is the only 
poly(alkylene oxide) that is completely water soluble at the necessary molecular weights. The number average molecular 
weight (Mn) of the poly(alkylene oxide) alcohol is about 500 to about 3000, preferably about 500 to about 1200. Lower 

25 molecular weights result in colloidal instability, while higher molecular weights increase viscosity of the product and 
require lower solids in the final formulation. 

Specific examples of suitable polyethers are Carbowax methoxypolyethylene glycol (MPEG) 750 and Carbowax 
methoDcypoJyethylene glycol (MPEG) 550. The Carbowax materials are commercially available from the Union Carbide 
Corporation. These preferred Carbowax MPEG 550 and 750 are monoalcohol terminated block copolymers of propylene 

30 oxide and ethylene oxide having an Mn = 550 and 750, respectively, according to Union Carbide Corp. 

The poly(alkylene oxide) alcohol can range from about 15% to about 40% of the final hardener composition (based 
on solids). H too little pofyfalkylene oxide) alcohol is employed, the hardener has insufficient solubility in the continuous 
phase of the formulation, resulting in inadequate pot life and stability. At high levels, water resistance of the derived 
coatings will be adversely affected. The preferred range is about 1 8% to about 25%. 

35 The epoxy component of the first step can be any polyepoxide containing about 2 or more 1,2-epoxy groups per 
molecule. Such epoxides are described in Y Tanaka, "Synthesis and Characteristics of Epoxides", in C. A. May, ed., 
Edoxv Resins Chemistry and Technology (Marcel Dekker, 1 988). Examples include epoxides of polyunsaturated organic 
compounds, oligomers of epihalohydrins, glycidyi derivatives of hydantoin and hydantoin derivatives, glycidyl ethers of 
polyvalent alcohols, glycidyl derivatives of triazines, and glycidyl ethers of dihydric phenols. Epoxides of polyunsaturated 

40 organic compounds include cfivinyl benzene, cydohexadiene, cyclooctadiene, dicyctopentacfiene, cydododecadiene. 
cydododecatriene, isoprene, 1 ,5-hexadiene, butadiene, polybutadiene, potyisoprene, and the like. Glycidyl ethers of 
polyvalent alcohols include glycidyl ethers of neopentyl, ethylene, propylene, and butyl ene glycol, trimethylolpropane, 
2-efhyM ,3-hexanedioJ, 2,2-diethyM ,3-propanedfol, 2-butyl-2-ethyM ,3-propanedioJ, 1 ,6-hexanediol, 1 ,4-butanedk>l. 
1.3-propanediol, 1,5-pentanediol, 1,8-octanediol, 1,10decanediol, 1,12-dodcecanedid, 1,2-cydohexanediol, 1,4- 

45 cydohexanediol. 1 ,4-cydohexanedimethanol, glycerin, sorbitol, peritaerythntol, andthe like. Glycidyl ethers of polymeric 
polyvalent alcohols are also suitable and include the glycidyl ethers of polyethylene glycol, polypropylene glycol, poly- 
butyl ene glycol, the various copolymers of ethylene, propylene, and butyl ene oxides, polyvinyl alcohol, polyallyi alcohol, 
and the like. The glycidyl derivatives indude triglyctdyl isocyanurata 

The glycidyl derivatives of hydantoin and hydantoin derivatives include structures shewn below where R1 and R2 

so are alkyl chains of 1 to 4 carbons, or R1 and R2 represent a single tetramethylene or pentamethylene chain. 
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Qycidyl ethers of pofyhydric phenols include the glycidyi ethers of dihydric phenols, inducing resorrind, hydroqui- 
none, lra-<4-hYO*oxy-3,5<lifluofoph 1 , 1 -be-{4-hydroxyphenyf)-ethane, 2.2^sK4-hydraxy-3-methytphe- 

nyi)-propane, 2,2^s^44TydroKy-3,5-dichlorophenyf) propane, 2,2-bis-{4-hydraxyphenyl)ixopane (more commonly 
is known as btsphenol A), and bis-{4-hydrQxyphenyi}- methane (more commonly known as bisphend F, and which may 
contain varying amounts of 2-hydraxyphenyl isomers), and the like. Also useful are the advanced dihydric phenols of 
the following structure: 



where n is an integer, and R is a divalent hydrocarbon radical of a dihydric phenol, such as the dihydric phenols listed 
above. Such materials are prepared by polymerizing mixtures of the dihydric phenol and epichforohydrin, or by advancing 

30 a mixture of the diglycidyl ether of the dihydric phenol and the dihydric phenol. While in any given molecule the value of 
n is an integer, the materials are invariably mixtures which can be characterized by an average value of n which is not 
necessarily a whole number. Useful in this invention are polymers with a value of n between 0 and about 7. Also useful 
in this invention are the epoxy novolac resins, which are the glycidyi ethers of novoiac resins. Novolac resins are the 
reaction product of a mono or dialdehyde. most usually formaldehyde, with a mono or polyphenol material. Examples 

35 of monophenoiic materials which may be utilized include phenol, the cresote, p-tert-butyfphenol, nonytphenol. octytphe- 
nol. other aJkyl and phenyl substituted phenols, and the like. Potyphenolic materials include the various diphenols includ- 
ing bisphenol-A and the like. Aldehydes which are utilized for the novolac include formaldehyde, gfyoxal, and the higher 
aldehydes up to about C A . The ncvolacs typically are complex mixtures with different degrees of hydroxyl functionality. 
For the purposes of this invention useful functionalities range from about 2 to about 4. 

40 The preferred polyepaxy compounds are the diglycidyl ethers of bisphenol-A and bispheno»-F, advanced btsphenol - 
A resins where n is between about 0.1 and about 3, and epoxy ncvolacs derived from phenol and formaldehyde with an 
average functionality of about 2 to about 4. Most preferred are diglycidyl ethers of bisphenol-A and diglycidyl ethers of 
bisphend-F 

The preparation of the intermediate (C) normally requires the use of a catalyst. Strong inorganic and organic bases 
45 are suitable as catalysts, for example sodium hydroxide, potassium hydroxide, lithium hydroxide, barium hydroxide, stron- 
tium hydroxide, alkali alcoholates. like sodium methylate, lithium methytate, sodium ethylate. potassium dodecyfate, and 
metal alcoholates of polyoxyalkylene polyols, the alkali salts of carboxylic acids, for example sodium and lithium stearate, 
as well as metal salts of alkane carboxylic acids, like stannous-2-ethylhexanoate. Quaternary ammonium compounds 
and strong inorganic and organic protonic acids are also suitable, like phosphoric acid, tetraf luoroboric acid and benze- 
50 nesuHonic acid. Lewis acids can also be used a catalysts. Examples include zinc chloride, iron(lll) chloride, aluminum 
chloride, tin(ll) dichloride, tin(IV) tetrachloride, titanium(IV) tetrachloride, titanium(IV) tetraisopropylate, triethyloxonium 
tetraf luoroborate, as well as boron trif luoride and its complexes, for example, with phosphoric acid, acetic acid (1:1 and 
1 :2), methanol, diethyl ether, tetrahydrofuran. phenol, ethylene glycol monoethyl ether, polyethylene glycol (MW 200), 
dimethyl sulfoxide, di-n-butyl ether, di-n-hexyl ether, succinic acid and aliphatic, cycloaliphatic, arylaliphatic amines, as 
55 well as nitrogen heterocydes. 

Boron trifluoride amine complexes such as BF 3 -benzyiamine, BF 3 -monoethytamine, BF 3 -propylamine and BF 3 - 
butylamine are preferably used. About 100 to 1, preferably 25 to 2 rnrnole of BF 3 amine complex is used for 1 gram 
equivalent of a hydroxyl group being converted with a gram equivalent of an epoxide group. Conversion of the hydroxyl 
groups with the epoxide groups can be carried out in the temperature range from 20 to 200°C. The conversion temper- 
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ature is dependent on the particular BF 3 amine complex. For example, the conversion temperature is around 130°C 
when BF 3 monoethyiamine or BF 3 -benzyiamine is used. The mixture of compounds containing hydroxy! groups and 
epoxide groups to be converted is therefore expediently heated to the temperature at which conversion runs with sufficient 
speed, i.e., in 30 minutes to 15 hours. The conversion is expediently followed by the increase in epoxide equivalent 

5 weight, which indicates a reduction of epoxide groups. 

The reaction can be interrupted by cooling well below the reaction temperature. During the reaction a part of the 
BF 3 amine complex is consumed by incorporation of fluoride ions into the reaction product Any excess of the BF 3 amine 
complex may be destroyed by the addition to the reaction mixture of basic substances such as Fuller's earth, calcium 
oxide, calcium hydroxide, barium oxide or barium hydroxide in excess. The basic substances are themselves removed 

10 by filtration together with the products obtained from reaction with the BF 3 amine complexes. 

The ratio of moles of polyepoxide to moles of poly (alkyl ene oxide) monoaloohol in the first step of the process should 
be kept high enough so that not too many copolymers are formed that have two or more polyether chains attached to a 
single di- or multifunctional epoxy resin, which would be expected to reduce water resistance. H should be kept low 
enough so that the required level of poly(alkyiene oxide) is incorporated into the composition while ensuring that the 

15 viscosity of the final product is low enough to produce workable compositions below the required VOC. Accordingly, the 
molar ratio of polyepoxide to poly(a!kylene oxide) alcohol should be about 1.3:1 to 6:1, with the preferred range being 
about 1 .5:1 to about 4:1 W is dear that by specifying the total percent of mono OH functional polyether [poly (alkyl ene 
oxide) monoalcohoQ in the final hardener composition, and the ratio of mono OH functional polyether to the poly epoxy 
compound, that the total composition is fixed. 

20 Potyamines useful in the second step contain at least two nitrogen atoms per mdecule and at least tw 

at least three active hydrogens attached to nitrogen atoms per molecule. Useful amines include aliphatic araliphatic, 
aromatic cydoaliphatic, and heterocyclic di- and poiyamines Examples include the polyethylene amines (ethylene 
diamine, diethyl ene triamine, Methylene tetramine, pentaethytene hexamine and the like), 1,2-propylene diamine, 1,3- 
propylene damine, 1,4-butanediamine, 1,5-pentanediamine, 1,3-pentanediamine, 1,6-hexanetfiamine, 3,3,S4rimethyl- 

25 1 ,6-hexanediamine, 3,5,5-trimethyM ,6-hexanediamine, 2-methyM ,5-pentanediamine. bis-(3-aminopropyl)amine, N,N'- 
bis-(3-aminopropyl)-1,2-ethanediamine, N^3-aminopropyl)-1 ,2-ethanecfiamine, 1^-diaminocyclohexane, 1,3-diamino- 
cydohexane, 1 ,4-diaminocyclohexane, aminoethylpiperazine, the poly(alkylene oxide) diamines and triamines (such as 
for example Jeffamine® D-230, Jeffamine D-400, Jeffamine D-2000, Jeffamine D-4000, Jeffamine T-403, Jeffamine 
EDR-148. Jeffamine EDR-192. Jeffamine C-346. Jeffamine ED-600, Jeffamine ED-900, and Jeffamine ED-2001), meta- 

30 xylylene diamine, phenyl ene diamine, 4,4 , diaminodiphenyf methane, toluene alanine, isophorone diamine, 3,3'<Jime- 
thyW.4'HjiamnodicYdohexyl methane, 4,4'-diaminodicyck)hexyl methane, 2,4 t -diaminodicyclohexyl methane, the mix- 
ture of methylene bridged poly(cyck)hexyl-aromatic)amines (also known as MBPCAA) described in US 5,280,091 , and 
polyaminoamides. Mixtures of the above amines may also be employed 

The preferred amines for use in the invention are 4,4'-diaminodicyctohexyl methane, and particularly the mixture of 

35 methylene bridged pc^y(cyclohexyl-aromatic)amines described in US 5,280,091 . 

If desired, the amine hydrogen functionality of the amine component can be reduced in order to further improve pot 
life by reducing the reactivity of the amine or enhancing the compatibility of the curing agent with the epoxy resin. This 
can be accomplished in several ways well known to those skilled in the art The first method is to react a portion of the 
amine hydrogen with a monoepoxide. Examples of useful monoepoxides include styrene oxide, cydohexene oxide, 

40 ethylene oxide, propylene oxide, butyl ene oxide, and the gJyctdyl ethers of phenol, the cresote, tert-butytphenol and other 
alkyl phenols, butanol, and 2-ethylhexanol and the like. The second method is to react a portion of the amines with ah 
aldehyde containing about 1 -8 carbons, such as formaldehyde, butyraJdeyde, benzaWehyde, and the like. A third method 
is to condense a portion of the amines with a monocarboxyltc acid having from 1 to about 18 carbons such as acetic 
acid, benzoic acid, or one of the fatty adds such as stearic acid or oleic acid. A fourth method is to react a portion of 

45 the amines with an unsaturated compound that contains an electron withdrawing group that activates the double bond 
to undergo the Michael reaction with an amine. Examples of useful unsaturated compounds of this type include acryio- 
nrtrile, acryfamide, N-methylol acrytamide, and the like. 

The ratio of equivalents of amine hydrogen to equivalents of epoxy in the final step must be kept high enough so 
that the molecular weight of the product is not built up to too great an extent causing a too high viscosity. However, it 

so must be kept low enough to achieve the desired level of po!y(alkylene oxide) alcohol content in the hardener. It will be 
apparent to those skilled in the art that the first requirement is dependent upon the functionality of the components in 
the reaction, since the reaction of materials of high functionality leads to higher molecular weights than lower functionality 
materials at the same molar ratios. 

If desired, additional polyamine, the same or different, may be blended into the hardener composition after the 

55 second reaction is complete. 

Also contemplated as the functional equivalent to the second step of reacting the total amount of polyamine with 
the epoxy-containing intermediate (C), is to divide the total polyamine amount into two portions This first portion is 
reacted in the second step with the epoxy-containing intermediate (C) followed by the addition of the remaining, or 
second portion, of the polyamine to the hardener composition after the second reaction is complete. 
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Normally, to blend additional polyamine into the product of the second reaction would result in a higher viscosity 
product than would be obtained rf all of the polyamine were present when the epoxy -containing intermediate is added. 
However, it will be recognized by those skilled in the art that the difference will be slight as long as a large molar excess 
of amine to epoxy is present in the first portion. 

5 Furthermore, it is possible to impart certain desirable properties to the final coating by blending in amines that have 
different properties than the amine used in the reaction with the pdyepoxide and poly(alkyiene oxide) alcohol reaction 
product For example, the flexibility and impact resistance of the coating can be improved by blending in a portion of 
Jeffamine D400 or D2000 amine. When blending in additional amines, it is important that the final level of poly(alkylene 
oxide) alcohol in the resulting product be sufficient to impart the necessary stability to the system as described above. 

10 The second reaction in the preparation of the hardener can be conducted over a wide temperature range, from 
about 40°C to 200°C. with the preferred temperature about 60°C to 100°C. To minimize viscosity of the final product, it 
is preferred to add intermediate (C) to the polyamine in the second step. The reaction can be conducted neat or in the 
presence of suitable solvent. The best solvents are solvents that are useful in the formulation of the final coating, such 
as those described below. The preferred solvents are the glycol ethers described below, and the most preferred solvent 

15 is ethylene glycol monopropyl ether (EP). 

The curing agents, or hardeners, of this invention are useful in applications requiring a relatively thin fflm of cured 
epoxy resin, such as coatings and adhesives. They are used to cure resins or mixtures of resins containing 1 ,2-epoxy 
groups. The epoxy resins or epoxy resin mixture may be liquid or solid in nature, and have an epoxide equivalent weight 
(EEW) based on solids of from about 150 to about 1000, preferably from about 156 to about 700. Usually the resin 

20 mixture will consist of di- or polyepoxide resins, such as those resins previously listed as suitable for use in making the 
poly(aJkyiene oxide) ateohol/epoxide adduct The epoxy resin mixture may be modified with a portion of monofunctional 
epoxides such as those also listed above. 

The epoxy resin may be used as is. it may be dissolved in an appropriate solvent or it may be employed as an 
already formed emulsion in water or water/cosolvent blend . It will be recognized bv those skilled in the art that the use" 

25 of solvent or a water/cosolvent Wend may be required with solid epoxy resins or extremely viscous liquid epoxy resins. 
The ratio of epoxy groups in the epoxy resin to active amine hydrogens in the hardener can vary from about 0.5 to about 
2, and will depend on the nature of the epoxy resin employed and the properties necessary to meet a certain market 
requirement With liquid resin, the preferred range is about 0.9 to 1 .3, and with solid resin about 1 .2 to 1 .6. 

Normally, c o s tings according to this invention will consist of at least two components, one of which contains the 

30 ^oxvresin , ancHnerther the j^jrm^tqent rt will usually be advantageous to include one or more organic solventshT 
TnTorTc?rcomponefrts of the coaTing i me solvents are employed to, for example , reduce the viscosity of the individual 
or combined components, toraducMhj^^c^ 

^jjtimumto to increasepon ^ oneo^othcomp^^ 

'solvents areTKelcwer molecular wetgh yglycd ethet^sucnTs^tnflene glycol monopropyl ether, ethylene glycol 
as monobutyl ether, ethylene glycol monoethylether, propylene glycol monomethyl ether, propylene glycol monoethyl ether, 
diethylene Q 'j^ m ^Q^^ and the like. Other useful solvents include the aromatic solvents such as xylene and 
arcxnafcs^^ 1 00, ketones such as methyl ethyl ketone, methyl isobutyl ketone, esters such 

as butyl acetate, and alcohols such as isopropyl alcohol and butanof. The preferred solvent is ethylene glycol monopropyl 
ether (EP). 

40 ft will frequently be advantageous to include plasticizers such as benzyl alcohol, phenol, tert-butylphenol, nonytphe- 
nol, octytphenol, and the like in one or both of the components. Plasticizers reduce the glass transition temperature of 
the composition and therefore allow the amine and epoxide to achieve a higher degree of reaction than might otherwise 
be possible. Accelerators for the epoxy/amine reaction may be employed in the formulation. Useful accelerators are well 
known to those skilled in the art and include acids such as salicylic acid, various phenols, various carboxyltc acids, and 

45 various sulfonic acids, and tertiary amines such as tris^cfimethylamirrcmeth^ 

The coating formulation may also include pigments and mixtures of pigments. The pigments may be ground into 
the epoxy resin, the hardener, or both. They may also be incorporated with the use of a pigment grinding aid or pigment 
dispersant, which may be used in combination with the epoxy resin or the hardener, or may be used alone. The use of 
pigment dispersants is well known to those skilled in the art of coating formulation. 

so Other additives may also be included in the coatings formulation. Such additives include defoamers, surfactants, 
slip and mar aids, rheology modifiers, flow aids, adhesion promoters, light and heat stabilizers, corrosion inhibitors, and 
the like. 

Example 1 

55 

To a 1 000 mL 4NRB flask maintained under a nitrogen atmosphere and equipped with a mechanical stirrer, heating 
mantle, condenser, and thermocouple was placed 249.30 g of Carbowax MPEG 750(0.332 mole, available from the 
Union Carbide Corp.) and 212.48 g Epon 828 epoxy resin (1.118 eq., available from the Shell Chemical Co.). After 
raising the temperature to 100°C, 1 .32 g (4.56 mmole) of Anchor® 1040 curing agent (available from Air Products and 
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Chemicals, Inc.) was added. Anchor 1040 curing agent is a 60 wt% solution of BF3/benzyiamine complex in a diluent. 
The temperature was raised ever the course of about 1 5 minutes to 1 35°C, held at that temperature for 2.5 hour, cooled 
over 1 5 min. with the aid of an air stream to 80°C, and diluted with 200 g of Ektasotve EP. In a separate 1000 mL 4NRB 
flask outfitted identically, 534.1 g (9.71 1 eq N-H) of MBPCAA was heated to 80°C. The intermediate from above was 
add to the MBPCAA over the course of about 5 minutes. The first flask was then rinsed with 49.30 g of EP and added 
to the second flask. The mixture was then held at 80° for 2 hours before cooling to room temperature. The product had 
a nonvolatile content (1 hr., 1 10°C) of 80.7%, a viscosity (BrookfiekJ CP52 spindle, 3 rpm, 60°C) of 605 cP, and a cal- 
culated AHEW of 132.9. On a 100% solids basis the composition is 25.0% MPEG 750, 21.3% Epon 828 epoxy resin, 
and 53.6% MBPCAA. 

Example 2 

A blend that on a solids basts consisted of 20.0% MPEG 750, 1 7.2% Epon 828 epoxy resin, and 62.6% MBPCAA 
was prepared by mixing 200 g of the curing agent of Example 1. 11.32 g of Ektasotve EP, and 38.68 g of MBPCAA. The 
viscosity of the mixture (BrookfiekJ CP52 spindle, 3 rpm, 60°C) was 442 cP, the calculated % NV was 80.0%, and the 
calculated amine hydrogen equivalent weight (AHEW) was 1 13.2. 

Examples 3 5 

The A side (containing the epoxy resin) and B side (containing the hardener) dearcoat formulations of Table 1 were 
prepared. All of these formulations are calculated to be 63.3 to 63.5% solids by weight including the nonytphenol plas- 
tjcizer as solids, and have a 200 g total batch weight The level of EP is that which is calculated to yield the VOC indicated. 
The formulations were allowed to equilbrate for at least 15 hours. The mixtures were then combined by adding the B 
side to the A side and thoroughly mixing. After standing for a 30 min. induction period, the mixtures were reduced in 
viscosity by the addition of dekxiized water to a spray viscosity of about 25 sec. in a Zahn #2 cup. Coatings were prepared 
by drawdown using a #50 wire wound rod (Paul N. Gardner Co.) on 3" x 6" polished cold rolled steel (Q Panel Co.) or 
3" x 6" 1 6 ga. grit blasted hot rolled steel with a 2 mil profile (Custom Lab Specialties Ca). Pot lives were determined 
by the time necessary to obtain about a 1 0% drop in gloss of coatings applied every half hour to cold rolled steel, by the 
time required for the viscosity to double, or by the time necessary for the composition to become phase separated to 
the extent that an accurate measure of viscosity could not be taken in the Zahn cup, whichever was a shorter time. The 
indicated pot lives do not include the 30 minute induction time as part of the pot Irfe. Rims were cured at 25°C, 50% 
relative humidity. Humidity resistance was measured using a Cleveland Condensing Humidity test (ASTM D 4585) oper- 
ating with a cycle of 1 0 hr. wet at 40°C/2 hr. dry at 45°C, after the panels had cured for two weeks. Panels were rated 
for visual estimation of the degree of rusting (ASTM D 610) and blistering (ASTM D 714). Performance data is collected 
in Table 2. 
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Table 1 



5 



Example 


3 


4 


5 


A Side 








Epoxy Resin, EEW = 190 


78.65 


74.70 


78.65 


Nonytphenol 


16.92 


16.92 


16.92 


Aromatic 100 


1.57 


1.49 


1.57 


D CM a 6 








naraener or tx. 1 








Hardener of Ex. 2 


39.06 




39.06 


Dl Water 


49.87 


49.90 


53.72 


EP 


13.69 


13.22 


9.83 


Dpa-Fo PI A fVincprifrAtA 
www ru i H«d iu cut? 


n 9*% 


n ni \ 




Dl Water to Reduce to 25sec Viscosity 


5.12 


5.75 


9.72 


Calculated Constants 








%Plasticizer on Solids 


15.4 


15.4 


15.4 


Eq Epoxy/Eq. N-H 


1.20 


1.20 


1.20 


VOC (lb/gal) 


1.38 


1.38 


1.38 


% Weight Solids Before Let-Down to Spray Viscosity 


63.5 


63.5 


63.5 



30 

Example 3 gives the best humidity resistance and has a 4 hour pot life. By increasing the level of MPEG in the 
hardener to 25% (Ex 4), the humidity resistance decreases. Decreasing the VOC to 1.18 lb/gal from 1.38 improve dry 
speed and hardness slightly, with a sacrifice in humidity resistance. 

35 

Table 2 



Example 


3 


4 


5 


Dry-to-touch (hr.) 


6.5 


6.5 


3.75 


Thin Rim Set (hr.) 


8.25 


8.0 


7.5 


Pendulum Hardness (Rocks, 1 week cure) 


88 


79 


99 


%Rust(AS7MD610) 


0.5 


20 


3 


Blistering (ASTM D714) 


10 


10 


10 


Pot Life (hr.) 


4.5 


4.5 


4.5 


Cause of End of Pot Life 


PS 


PS 


PS 


Reverse Impact (in-lb) 


<4 


4 


<4 


Forward Impact (in-b) 


60 


100 


40 


Initial 60° Gloss 


103 


99 


98 


First Stage Mole Epoxide: Mole Polyether Alcohol 


1.68 


1.68 


1.68 


PS - Phase Separation 

GL - Gloss Loss 

V - Viscosity Increase 
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Comparative Examples 6-8. 

The formulations of Table 3 were prepared and tested according to the protocol of Examples 6-1 1. Anquamine 360 
curing agent is a water-borne amidoamine commercially available from Air Products and Chemicals, Inc. with a % NV 

5 of 50 and an AHEW of 280. Anquamine 401 curing agent is a commercially available water-borne potyamine adduct 
curing agent from Air Products and Chemicals, Inc., with a % NV of 70 and AHEW of 200. EPI-REZ Resin 5522-WY-55 
is a solid epcxy dispersion with an equivalent weight of 625 based on solids and a % NV of 55 and is commercially 
available from the Shell Chemical Co. EPI-CURE Curing Agent 8290-Y-60 is a water-borne polyamine adduct curing 
agent commercially available from the Shell Chemical Co. with a % NV of 60 and an equivalent weight of 163. The EPI- 

w CURE 8290 and EPI-REZ 5522 materials were employed at a 15:85 weight ratio, which is recommended by the man- 
ufacturer to improve water and corrosion resistance and increase pot life relative to the stoichiometric ratio. Performance 
data is collected in Table 4. 



Table 3 



Comparative Example 


6 


7 


8 


A Side 








Epoxy Resin, EEW= 190 


53.87 


63.02 




Epi-Rez WJ-5522 






138.15 


Benzyl Alcohol 


9.78 


11.44 




EP 


8.87 


8.39 


8.49 


Aromatic 100 


1.28 


1.5 




BSSde 








Anquamide360 


66.16 






Anquamine 401 




55.28 




Epi-Cure 8290-Y-60 






22.41 


Dl Water 


49.62 


50.22 


30.44 


EP 


10.16 


9.89 




Dee-Fo PI4 Concentrate 


0.25 


0.25 


0.25 


Dl Water to Reduce to 25sec 
Viscosity 


45.16 


43.13 


39.41 


Calculated Constants 








% Plasticizer on Solids 


11.25 


11.25 


0 


Eq Epoxy/Eq N-H 


1.2 


1.2 


1.48 


VOC (lb/gal) 


1.20 


1.20 


2.18 
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Table 4 





o 


7 


Q 

o 


u ry-Tt>- touch (nr. j 


Q 
O 


Q OR 


1.75 


i nin rum oei [tit.) 


o 
o 




1.75 


renauium naruness (nOCKS, l ween cure] 




1 13 


54 


% Rust (ASTM D610) 


0.1 


3 




Blistering (ASTM D714) 


6M 


8D 


10 


Pot Life (nr.) 


0.5 


<0.5 


4.5 


Cause of End of Pot Life 


V 


V.GL 


GL 


Reverse Impact (in-lb) 


<4 


4 


20 


Forward Impact (in-t>) 


20 


52 


112 


Initial 60° Gloss 


75 


107 


109 



It is clear by comparison of Tables 2 and 4 that compositions of the present invention offer superior pot life and 
humxffly resistance compared to other curing agents employed as errulsifiers for liquid epoxy resin. Compared to the 
solid resin dispersion and curing agent composition, the present invention offers better humidity resistance and compa- 
rable pot life along with much lower VOC and higher application solids. 

STATEMENT OF INDUSTRIAL APPLICATION 

The present invention provides water dispersible curing agents for liquid and solid epoxy resin coating compositions. 

Claims 

1 . An epoxy hardener composition comprising the reaction product of (A) a poly(alkytene oxide) monoalcohol having 
a number average molecular weight (Mn) of 500 to 3000 and (B) a polyepoxide in a ratio of moles of potyepoxide 
to moles of pory(alkylene oxide) monoalcohol of about 1 .3:1 to 6:1 to yield an intermediate (C) which is reacted with 
(D) a polyarnine, the amount of the poryfaikylene oxide) monoalcohol used to produce intermedate (C) being suf- 
ficient to provide a stable solution or emulsion of the epoxy hardener composition in an aqueous medium. 

2. The epoxy hardener composition of Claim 1 in which the amount of the pofy(alkyiene oxide) monoalcohol used to 
produce intermediate (C) comprises 15 to 40 wr% of the epoxy hardener composition. 

3. TTie epoxy hardener composition of Claim 1 in which the amount of the poty(alkylene oxide) mono used to produce 
intermediate (C) comprises 1 8 to 30 wt% of the epoxy hardener composition. 

4. The epoxy hardener composition of Claim 1 in which the ratio of moles of polyepoxide to moles of pory(alkylene 
oxide) monoalcohol in the production of intermediate (C) ranges from 1.5:1 to 4:1. 

5. The epoxy hardener composition of Claim 1 in which the poty(alkylene oxide) monoalcohol has an Mn = 500 to 1200. 

6. The epoxy hardener composition of Claim 1 in which the poly(alkylene oxide) monoalcohol is a methoxyporyethyiene 
glycol. 

7. The epoxy hardener composition of Claim 1 in which the potyepoxide (B) is selected from the group consisting of 
the diglycidyi ether of bisphenol-A. the diglyctdyl ether of bisphenol-F. and the oigrycidyt either of an epoxy novolac 
derived from phenol and formaldehyde with an average functionality of about 2 to 4. 

8. The epoxy hardener composition of Claim 1 in which polyarnine (D) is 4,4'-dlaminod}cyctohexyl methane. 
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9. The epoxy hardener composition of Claim 1 in which polyamine (D) is a mixture of methylene bridged 
poly(cydohexyi-aromatic)amines. 

1 0. An epoxy hardener composition comprising the reaction product of (A) a pdy(a!kyiene oxide) monoalcohol having 
a number average molecular weight (Mn) of 500 to 3000 and (B) a polyepoxide in a ratio of moles of polyepoxide 
to moles of poly(alkylene oxide) monoalcohol of about 1 .3:1 to 6:1 to yield an intermediate (C) which is reacted with 
(D) a polyamine, the amount of the poly(alkylene oxide) monoamine or diamine used to produce intermediate (C) 
being 15 to 40 wt% of the epoxy hardener composition. 

1 1 . The epoxy hardener composition of Claim 1 0 in which the amount of the poly (alkylene oxide) monoalcohol used to 
produce intermediate (C) comprises 18 to 25 wt% of the epoxy hardener composition. 

12. The epoxy hardener composition of Claim 10 in which the ratio of epoxide groups to active amine hydrogens in the 
production of intermediate (C) ranges from 1 .5:1 to 4:1 . 

1 3. The epoxy hardener composition of Claim 1 0 in which the poty(alkylene oxide) monoalcohol has an Mn = 500 to 1 200. 

14. The epoxy hardener composition of Claim 10 in which the poly(aikylene oxide) monoalcohol is a methoxypotyeth- 
ylene glycol. 

15. The epoxy hardener composition of Claim 10 in which the polyepoxide (B) is selected from the group consisting of 
the diglycidyl ether of bisphenol-A, the digyctdyl ether of blsphenol-F, and the diglyddyl either of an epoxy novolac 
derived from phenol and formaldehyde with an average functionality of about 2 to 4. 

1 6. The epoxy hardener composition of Claim 1 1 in which polyamine (D) is 4,4'<iiarrunodicydohexyl methane. 

17. The epoxy hardener composition of Claim 11 in which polyamine (D) is a mixture of methylene bridged 
poly(cyclohexyl-aromatic)amines. 

18. An epoxy hardener composition comprising the reaction product of (A) a poly(alkylene oxide) monoalcohol having 
a number average molecular weight (Mn) of 500 to 1200 and (B) a polyepoxide selected from the group consisting 
of the diglycidyl ether of bisphenol-A, the diglycidyl ether of btsphenoJ-F, and the diglycidyl either of an epoxy novolac 
derived from phenol and formaldehyde with an average functionality of about 2 to 4 in a ratio of moles of polyepoxide 
to moles of pofy(alkylene oxide) monoalcohol of about 1.5:1 to 2.5:1 to yield an intermediate (C) which is reacted 
with (D) a polyamine. the amount of the po!y(alkyene oxide) monoalcohol used to produce intermediate (C) being 
18 to 25 wt% of the epoxy hardener composition. 

19. The epoxy hardener composition of Claim 18 in which polyamine (D) is 4,4'<liaminodicydohexyl methane. 

20. The epoxy hardener composition of Claim 18 in which polyamine (D) is a mixture of methylene bridged 
pofy(cydohexyl-aromatic)amines. 

21. The epoxy hardener composition of Claim 19 in which the pdy (alkylene oxide) monoalcohol is a methoxypofyeth- 
ylene glycol. 

22. The epoxy hardener composition of Claim 20 in which the poiy(alkylene oxide) monoalcohol is a methoxypoly eth- 
ylene glycol. 

23. A coating composition comprising a polyepoxide resin and the hardener composition of Claim 1 in an equivalents 
ratio of epoxy groups to amine hydrogens of about 0.5:1 to 2:1 . 

24. A coating composition comprising a polyepoxide resin and the hardener composition of Claim 10 in an equivalents 
ratio of epoxy groups to amine hydrogens of about 0.5:1 to 2:1 . 

25. A coating composition comprising a polyepoxide resin and the hardener composition of Claim 18 in an equivalents 
ratio of epoxy groups to amine hydrogens of about 0.5:1 to 2:1. 
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